Breast cancer epidemiology in Brazil
====================================

Brazil currently has a population of about 200 million people, with a variety of ethnicities distributed in a wide territory that is divided into five geographic regions ([Figure 1](#f1-bctt-7-043){ref-type="fig"}). In 2010, the Brazilian population was composed of 48% Caucasians, 44% multiracial, and 7% African descent.[@b1-bctt-7-043] The health system is organized as two types: the public health system (called Sistema Único de Saúde \[SUS\]) and the private system, supported individually by the population. It is estimated that about 75% of the population are currently users of the public health system.

SUS was created in 1988, during the reformulation of the Brazilian Federal Constitution, through a law known as Organic Law of SUS (Lei Orgânica do SUS 8.080), aiming to ensure the complete access of all Brazilians to a public and unpaid health system. Thenceforth, the SUS has become one of the most important social achievements known in the world to aim to ensure free access to health care. The principles that guide this initiative are based on the decentralization and universalization of health services.[@b2-bctt-7-043]

In spite of the efforts to improve diagnosis and treatment, breast cancer is one of the main challenges faced by the Brazilian government. Global statistics demonstrated that 60% of deaths related to breast cancer occur in economically developing countries such as Brazil.[@b3-bctt-7-043] The Instituto Nacional de Câncer (INCA) is responsible for providing the epidemiological data regarding cancer statistics in the country, and registers data from different regions of Brazil ([Figure 1](#f1-bctt-7-043){ref-type="fig"}). The southern region has the highest incidence rates of breast cancer.

It was estimated that about 13,000 women died from breast cancer in 2010.[@b4-bctt-7-043] Over the last few decades, breast cancer has been pointed to as the leading cause of death from cancer among Brazilian women, as well as the main malignant cancer that affects the female population. Azevedo and Mendonça[@b5-bctt-7-043] analyzed the breast cancer statistics for 1986, before the implementation of SUS. They showed that 12.8% of Brazilian women died in that year due to cancer causes, and breast cancer was the leading cause of those deaths. Surprisingly, the authors described that the incidence rates of breast cancer were 176.9 cases per 100,000 women in the south region, reaching 277.3 cases per 100,000 women in Sao Paulo in the early 1980s.

Another analysis, published by Moraes in 1998,[@b6-bctt-7-043] after SUS policy implementation and initial consolidation, revealed that the total number of breast cancer cases was about 32,000 -- of which 6.6% were deaths from cancer in that year. Additionally, the author highlighted the huge heterogeneity observed throughout the different geographic regions of the country, in which the rates of disease could vary from 29.15 cases per 100,000 women in the north region to 66.12 cases per 100,000 women in the South Region. Importantly, since that time, the staging profile of women with breast cancer in Brazil was characterized by advanced stages of the disease, evidencing the late diagnosis as a national public health issue. It is important to highlight that Brazil has a diverse ethnic population.

Interestingly, we can observe that the incidence of breast cancer in South American countries is half that of European countries (about 44 cases per 100,000 Latin women versus 84 cases per 100,000 women in Northern Europe). On the other hand, although there is a substantial difference in the number of cases, the mortality rates are similar.[@b7-bctt-7-043] This reinforces the fact that developing countries such as Brazil are subject to severe problems regarding the access to health services, diagnosis, and modern treatments.

Mortality rates of breast cancer in Brazil
==========================================

Overview
--------

[Figure 2](#f2-bctt-7-043){ref-type="fig"} shows the profile of deaths by breast cancer in Brazil according to the DATASUS online database.[@b8-bctt-7-043] During the period ranging from 1992--2012, a progressive increase in the mortality rates due to breast cancer disease in Brazil was observed. Furthermore, [Table 1](#t1-bctt-7-043){ref-type="table"} shows the number of deaths associated with breast cancer and specific age groups in the period 1992--2012.[@b8-bctt-7-043] The highest number of deaths is observed in the age group ranging from 50--69 years (45.5% of the cases). In this context, several factors must be considered, especially regarding the increased number of death notifications related to this disease. Concerning this issue, INCA and DATASUS implemented the SISMAMA, an online tool that registers information about breast and gynecological cancer screening.[@b9-bctt-7-043] In the period from 2009--2013, the SISMAMA registered more than 12 million mammograms nationwide. About 1.4% of these cases indicated a high cancer risk, corresponding to approximately 168,000 cases. An important set of mammograms report pathological alterations in women aged over 40 years, which may be related to aging.[@b10-bctt-7-043],[@b11-bctt-7-043]

The contributions of specific risk factors for explaining breast cancer rates in Brazilian women are considered and discussed as follows.

Biological features
-------------------

In part, the deaths associated with breast cancer may be associated with the aggressive biological profile of tumors. The determination of the molecular cancer subtype is globally achieved by immunohistochemical analysis. In Brazil, testing for the molecular markers of breast cancer is not standardized, and it is not present in all cancer centers.[@b4-bctt-7-043] Data concerning the immunohistochemical profiling of breast cancer in patients attended by SUS have demonstrated that the Brazilian women with breast cancer presents a similar molecular pattern of disease when compared to other regions of the globe, with predominance of the luminal subtype among the affected population,[@b12-bctt-7-043]--[@b16-bctt-7-043] which represents a good prognosis for treatment response and disease survival. Endocrine and genetic factors are among the main prognostic determinants for breast cancer.[@b17-bctt-7-043]

Molecular studies have shown the presence of pivotal known gene modifications in breast tumors, such as *BRCA* mutations, especially in Brazil. *BRCA* is the main known gene that confers breast cancer susceptibility, and one of the first studies reporting such mutations in Brazilian women with familial history was reported by Dufloth et al in 2005.[@b18-bctt-7-043] The authors reported that the prevalence of BRCA1/BRCA2 mutations in Brazilian women in the southern region diagnosed with breast cancer was 13%. Other studies have been conducted to investigate the prevalence of BRCA-related mutations in Brazil. An investigation aiming to investigate the risk factors associated with hereditary breast and ovarian cancer syndrome was conducted by Ewald et al.[@b19-bctt-7-043] The authors identified a high frequency of BRCA founder mutation (c.5266dup) in Brazilian women diagnosed with bilateral breast cancer (5% of 137 investigated women). It is important to highlight that this prevalence is similar to that found in other populations.[@b20-bctt-7-043] Finally, as is happening worldwide, the aging of the Brazilian population is increasing year by year.[@b21-bctt-7-043]

Population screening and early diagnosis
----------------------------------------

The current methods available for breast cancer screening and diagnosis are able to detect the disease at early stages. Among the variety of factors that contribute to the high mortality of breast cancer worldwide, the lack of availability of early detection services is a global problem for developing countries.[@b3-bctt-7-043] Although mammograms are encouraged by the SUS and offered without any cost to the target female population, the screenings often fail to provide accurate results. Undoubtedly, the delay that occurs between the initial suspected lesion and the confirmation of diagnosis affects the outcome profiling of breast cancer[@b21-bctt-7-043] and is still a problem in Brazil.

TNM (tumor, node, metastasis) staging of women diagnosed with breast cancer in Brazil is presented predominantly as advanced disease. A prospective study from the Grupo Brasileiro de Estudos do Câncer de Mama (GBECAM) assessed epidemiological data from women diagnosed with breast cancer in all Brazilian regions and showed that about 40% of diagnosed women were staged at TNM III--IV. The results revealed that the median age at diagnosis of such patients is about 58 years, and indicated that these women with breast cancer assisted by SUS presented advanced disease at diagnosis and poor prognosis, probably due to reduced access to modern therapies.[@b22-bctt-7-043]

Brazil uses the Breast Image Reporting and Data System (BI-RADS) to categorize the results obtained from mammogram screenings.[@b9-bctt-7-043] An overview of the BI-RADS classification of mammograms in Brazilian women for breast cancer screening is presented in [Table 2](#t2-bctt-7-043){ref-type="table"}. In accordance with Ministry of Health policies, mammograms are encouraged by SUS, targeting the female population over 50 years of age and being performed every 2 years, or annually in the case of altered clinical exams. Women presenting with familial history are encouraged to undergo annual screening of the breasts.[@b23-bctt-7-043] It is estimated that 50% of Brazilian women older than 50 years have had at least one mammography in their life,[@b24-bctt-7-043] but there are no reliable data regarding posterior follow-up by a new mammogram. The International Agency for Research on Cancer[@b25-bctt-7-043] recommends that at least 70% of the target female population should be screened with mammograms.[@b26-bctt-7-043] Following the recommendations from the International Agency for Research on Cancer could further substantially contribute to understanding the mortality rates observed in the last 20 years, which are represented in [Figure 2](#f2-bctt-7-043){ref-type="fig"}. Educational programs are strongly encouraged by the government, since, unfortunately, there is a lack of awareness among Brazilian women about the relevance of early detection via annual mammograms after the age of 50 years.

Screening policies have to be urgently expanded, since it is estimated that only 60% of the target population had mammograms in 2008.[@b27-bctt-7-043] A survey conducted by the Brazilian Society of Mastology (Sociedade Brasileira de Mastologia \[SBM\]) indicated that there were 4,228 mammogram devices in Brazil in 2013, with more than one-half available under SUS, totaling 2,226 devices.[@b28-bctt-7-043] The Ministry of Health recommends one piece of equipment per 240,000 habitants; therefore, this number is more than sufficient.[@b29-bctt-7-043] Therefore, the problem is not due to a lack of equipment, but to the geographic concentration of these devices in the more developed areas.[@b1-bctt-7-043]

Lifestyle
---------

Globally, we have observed continuous increasing changes in lifestyle are observable among developing countries. In the past, Brazil was an essentially agricultural country, whose growing industrial and economic development began after the end of the military political regime (early 1990s), when the economic opening of the country toward purchase of imported products occurred. The increased purchasing power subsequently changed the eating habits of the population toward the attainment of manufactured products. Since then, a gradual increase in the weight of the population has been observed; currently, about 30% of individuals are pre-obese/obese.[@b25-bctt-7-043] This lifestyle modification, in association with increased physical inactivity, extensive working hours, and intensive exposure to carcinogens, helps to explain the cumulative growing incidence of cancer in the Brazilian population year after year.[@b30-bctt-7-043],[@b31-bctt-7-043] In addition, the increasing incidences of hormonal contraceptive use, postmenopausal hormone replacement therapy, nulliparity, late age at first birth, and enhanced alcohol consumption by women have increased the risk for breast cancer development in all countries.[@b3-bctt-7-043]

Challenges in therapeutic approaches
====================================

At the end of the 1980s, Brazil experienced a political movement toward economic opening of its borders and the entry of new technologies, as well as access to imported drugs. At that time, there was little research regarding the development of new drugs in Brazil, and this fact strongly limited access to the chemotherapeutic drugs available in developed countries. Thus, the chemotherapeutic regimens in Brazil could not follow the international guidelines of the early 1990s, because the necessary drugs for breast cancer treatment were not available. Therefore, oncologists adapted such protocols according to the availability of such drugs in the country (the main drugs are shown in [Figure 3](#f3-bctt-7-043){ref-type="fig"}). Furthermore, scientific publications regarding this theme at that time are scarce.

Historically, the first report after SUS implementation in Brazil was published by Baracat et al,[@b32-bctt-7-043] a reference group until nowadays in the field of breast cancer chemotherapy. The group reported the use of the CAF protocol (cyclophosphamide, doxorubicin, fluorouracil) for treating Brazilian women diagnosed with inflammatory breast cancer. A subsequent study was published in 1997, and described the Phase II clinical evaluation of doxorubicin/paclitaxel plus G-CSF for metastatic breast cancer in patients attending the Hospital das Clínicas de Porto Alegre.[@b33-bctt-7-043] In the same year, Murad et al[@b34-bctt-7-043] published the Phase II clinical trial for paclitaxel and ifosfamide testing in Brazil, intended for treating women with metastatic disease.

The 2000s were years of ongoing chemotherapy clinical trials in Brazil, and several international publications reported the advances. In 2001, Murad et al tested paclitaxel/gemcitabine in a Phase II clinical trial for metastatic breast cancer treatment.[@b35-bctt-7-043] Hegg et al,[@b36-bctt-7-043] in the same year, published the Phase II clinical trial for fractionated vinorelbine/doxorubicin as first-line therapy for advanced breast cancer. Another study, conducted by Costa et al in 2002,[@b37-bctt-7-043] described advances occurring in the field of chemotherapy, most of them based on anthracycline-based regimens. The authors reported the use of several protocols for breast cancer treatment, such as the CMF protocol (cyclophosphamide, methotrexate, 5-fluorouracil), the FAC protocol (5-fluorouracil, adriamycin, cyclophosphamide), and the FEC (5-fluorouracil, epirubicin, and cyclophosphamide) and AC protocols (adriamycin, cyclophosphamide).

The current SUS protocol, based on paclitaxel (175 mg/m^2^) and doxorubicin (60 mg/m^2^), began last decade in Brazil, in about the year 2003.[@b38-bctt-7-043] Also in 2003, publications reported the use of the sentinel lymph node biopsy in a pilot study in Brazil.[@b39-bctt-7-043] In 2012, trastuzumab-based chemotherapy was introduced in SUS. A study regarding the use of trastuzumab in the Brazilian population was published in the same year.[@b40-bctt-7-043]

When establishing a comparative timeline, there is a clear delay between the introduction of chemotherapeutic drugs in developed countries and its usage in the Brazilian population. Nevertheless, considering that SUS is a public health system that offers prevention, diagnosis, and treatment for breast cancer at no cost, it is important to emphasize that, despite its limitations, the system has achieved important gains for the population. Breast cancer chemotherapy is a high-cost treatment, which most of the Brazilian population would not be able to afford. In this context, SUS policies have worked to ensure free and fast access to oncologic treatments, as well as to support all the phases of diagnosis and follow-up. To regulate these actions, the National Policy of Oncologic Attention (Política Nacional de Atenção Oncológica) was recently created, which aims to develop actions to ensure that all oncologic patients have full access to the public health system.[@b41-bctt-7-043],[@b42-bctt-7-043]

Perspectives and conclusion
===========================

Brazil is a model example of a country that has developed a successful public health system. The SUS faces a wide range of challenges concerning full access, early diagnosis, and modern therapeutics, as well expansion of their coverage area across the country. Pivotal advances have been achieved, which resulted in the National Policy of Oncologic Attention. Investment in local research must be strongly expanded, and should serve as the basis for the development of targeted strategies directed to the particularities of the Brazilian population. This concentration of effort could also facilitate the implementation of more expensive treatments against breast cancer under the SUS and means that high-cost/better quality treatments would be more accessible to the Brazilian population.
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###### 

Number of deaths associated with breast cancer and specific age groups in the period 1992--2012

  Age group (years)   Number of deaths from breast cancer   \%
  ------------------- ------------------------------------- ------
  30--39              14,374                                7.1
  40--49              37,279                                18.6
  50--59              48,910                                24.5
  60--69              41,975                                21.0
  70--79              32,346                                16.7
  Over 80             22,825                                11.4

**Note:** Data were collected from the DATASUS online database (DATASUS, 2014).[@b8-bctt-7-043]

###### 

Distribution according to the BI-RADS of mammograms performed in the period 2009--2013

  Age group (years)   BI-RADS 0, n   BI-RADS 4, n   BI-RADS 5, n   BI-RADS 6, n   Total, n
  ------------------- -------------- -------------- -------------- -------------- ----------
  35--39              66,386         6,166          744            474            73,770
  40--44              239,799        20,152         1,716          852            262,519
  45--49              296,264        27,979         2,526          1,228          327,997
  50--54              269,948        28,595         3,076          1,299          302,918
  55--59              198,735        22,964         3,033          1,155          225,887
  60--64              137,011        17,479         2,773          900            158,163
  65--69              80,756         12,056         2,164          678            95,654
  Over 70             69,893         14,480         3,697          1,101          89,171

**Note:** Data were collected from the DATASUS online database (DATASUS, 2014).[@b8-bctt-7-043]

**Abbreviation:** BI-RADS, Breast Image Reporting and Data System.
